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(54) Optical multi-demultiplexer 

(57) An arrayed-waveguidegratingtypeoptical mul- 
ti-demultiplexer (10) includes input waveguides (12), a 
first slab waveguide (13), a channel waveguide array 
(14), a second slab waveguide (15), and output 
waveguides (16). A pair of different refractive index re- 
gions (40), each having a refractive index different from 
that of the second slab waveguide (15), are formed on 
the second slab waveguide (15) near a boundary be- 
tween the second slab waveguide (15) and channel 



10 



waveguide array (14). The different refractive index re- 
gions (40) project in peninsular shapes from both side 
portions (15a, 15b) of the slab waveguide (15). Light 
traveling from each waveguide (14a) of the channel 
waveguide array (14) toward the output waveguides 
(16) passes through the different refractive index re- 
gions (40). An optical distribution with a flattened field- 
distribution peak is created at a boundary between the 
second slab waveguide (15) and output waveguides 
(16). 
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FIG. 1 
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Description 

[0001] The present invention relates generally to an 
arrayed-waveguide grating type optical multi-demulti- 
plexer for use in multiplexing or demultiplexing a wave- 
length division multiplexing optical signal, and more par- 
ticularly to an optical multi-demultiplexer having wide- 
band optical wavelength characteristics. 
[0002] In the field of optical communications, re- 
search attempts have been made to develop a wave- 
length division multiplexing transmission system that 
aims at increasing an information capacity by carrying 
a plurality of signals on light components with different 
wavelengths and transmitting them through a single op- 
tical fiber. In this transmission system, an optical multi- 
demultiplexer plays an important role in multiplexing or 
demultiplexing the light components with different wave- 
lengths. Of a variety of types of optical multi-demulti- 
plexers, an optical multi-demultiplexer using an arrayed 
waveguide grating (AWG) is a promising one since the 
number of multiplexed wavelengths can be increased 
with narrow wavelength intervals or spacings. 
[0003] Examples of the arrayed waveguide grating 
are disclosed in Jpn. Pat. Appln. KOKAI Publication 
No. 7-333447, Jpn. Pat. Appln. KOKAI Publication 
No. 9-297228 and Jpn. Pat. Appln. KOKAI Publication 
No. 10-197735. 

[0004] A conventional arrayed waveguide grating 
comprises input waveguides formed on a substrate; out- 
put waveguides; a channel waveguide array composed 
of a number of curved waveguides; an input fan-shaped 
slab waveguide formed between the input waveguides 
and the channel waveguide array; and an output fan- 
shaped slab waveguide formed between the channel 
waveguide array and the output waveguides. The chan- 
nel waveguide array is formed such that the optical path 
lengths of the curved waveguides are gradually in- 
creased from the inside toward the outside of the curved 
configuration of the curved waveguides thereof so that 
the adjacent waveguides may have predetermined dif- 
ferences in optical path length. 
[0005] Thus, wavelength division multiplexing optical 
signals, which have been incident on input-side ends of 
the respective waveguides of the channel waveguide ar- 
ray, propagate to output-side ends of the waveguides, 
while optical phase differences are occurring among the 
signals in accordance with the frequencies of the sig- 
nals. The amount of phase difference varies depending 
on the wavelength of light, and the wavefront of the con- 
verged beam is tilted in accordance with its wavelength. 
Consequently, the respective positions of convergence 
of light beams in the output fan-shaped slab waveguide 
vary depending on the respective wavelengths of the 
light beams. Demultiplexed beams with different wave- 
lengths are converged on output waveguides at different 
positions in accordance with the respective wave- 
lengths. 

[0006] If the refractive index of the fan-shaped slab 



waveguide is uniform and a Gaussian-type input field 
distribution is provided, as in the prior art, then a Gaus- 
sian-distribution type field distribution is accordingly 
produced at convergence points. As a result, wave- 
5 length characteristics have a single peak at a central 
wavelength of each channel, as in the prior art. 
[0007] FIG. 1 0 shows an electric field distribution at a 
boundary between the output fan-shaped slab 
waveguide and the output waveguides in the above-de- 
10 scribed conventional arrayed-waveguide grating. This 
electric field distribution has a sharp peak at a center of 
the beam. Thus, if a light component with the peak of 
electric field can exactly be made incident on the center 
of a predetermined output waveguide, light can be trans- 
it mitted with high efficiency. 

[0008] FIG. 11 shows wavelength characteristics of 
the conventional arrayed-waveguide grating. In FIG. 11, 
the abscissa indicates the wavelength, and the ordinate 
indicates the loss. As shown in FIG. 1 1 , the conventional 
20 arrayed-waveguide grating has parabolic wavelength 
characteristics having peaks at central wavelengths of 
the respective waveguides. 

[0009] Consequently, the conventional arrayed- 
waveguide grating has the following problem. If the 
25 wavelength of a laser light source varies even slightly 
from a central optical wavelength of each waveguide 
due to, e.g. a temperature variation, the optical loss 
would considerably increase. 

[001 0] This problem can be solved to some degree by 
30 an arrayed-waveguide grating 1 shown in FIG. 12. The 
arrayed-waveguide grating 1 includes parabolic por- 
tions 4 between input waveguides 2 and a fan-shaped 
slab waveguide 3. Each parabolic portion 4 has such a 
quadratic-functional shape that the core of the associ- 
35 ated input waveguide 2 widens gradually toward the fan- 
shape slab waveguide 3. A channel waveguide array 5 
is connected to the slab waveguide 3. 
[001 1 ] In the above-described prior art, each parabol- 
ic portion 4 provides multiple modes to light that propa- 
40 gates from the associated input waveguide 2 to the slab 
waveguide 3, and a high-order mode is produced. 
Thereby, a field distribution with double peaks is creat- 
ed, and wide-band characteristics of a certain level can 
be obtained. 

45 [0012] However, in the arrayed-waveguide grating 1 
having the parabolic portions 4, the optical path length 
increases by a degree corresponding to the parabolic 
portions 4, leading to an increase in size of the whole 
structure. In addition, the parabolic portions 4 formed on 

so the adjacent waveguides 2 are situated close to each 
other. Consequently, when the arrayed-waveguide grat- 
ing 1 is manufactured, it is difficult to sufficiently bury a 
clad layer among the cores of the parabolic portions 4. 
[001 3] The object of the present invention is to provide 

55 an optical multi-demultiplexer capable of obtaining 
wide-band optical wavelength characteristics without 
complicating the manufacture thereof. 
[001 4] An optical multi-demultiplexer according to the 
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present invention comprises: input waveguides formed 
on a substrate; a channel waveguide array including a 
plurality of curved waveguides arranged such that opti- 
cal path lengths of adjacent ones of the curved 
waveguides are gradually increased from an inside to- 
ward an outside of a curved configuration of the curved 
waveguides; output waveguides formed on the sub- 
strate; a first slab waveguide formed between the input 
waveguides and the channel waveguide array; and a 
second slab waveguide formed between the channel 
waveguide array and the output waveguides. The opti- 
cal multi-demultiplexer further comprises a different re- 
fractive index region formed at a position close to the 
channel waveguide array within the second slab 
waveguide, relative to a central portion in the longitudi- 
nal direction of the second slab waveguide, the different 
refractive index region having a refractive index different 
from a refractive index of the second slab waveguide, 
and the different refractive index region extending in a 
direction in which the waveguides of the channel 
waveguide array are arranged. 
[001 5] With the provision of the different refractive in- 
dex region, the convergence point of light can be dis- 
placed. Specifically, since the different refractive index 
region is provided in the second slab waveguide, a 1 dB 
bandwidth or a 3 dB bandwidth, for instance, can re- 
markably be increased, and wide-band optical wave- 
length characteristics with a flattened electric field dis- 
tribution can be obtained. Therefore, even in a case 
where the wavelength of a light source such as a laser 
has varied from a central wavelength of each signal 
channel due to a temperature variation, etc., an increase 
in passage loss can be suppressed. 
[0016] The different refractive index region may be 
formed of a material with a lower refractive index than, 
e.g. a core of the second slab waveguide. In addition, 
the different refractive index region may be formed of a 
material with a refractive index equal to a refractive in- 
dex of a clad layer of the second slab waveguide. 
[0017) In the present invention, the different refractive 
index region may have a tapered shape decreasing in 
width toward a central portion of the second slab 
waveguide. 

[0018] In this invention, the different refractive index 
region may have a higher refractive index than a core 
of the second slab waveguide. In this case, the different 
refractive index region should preferably have a re- 
verse-tapered shape increasing in width toward a cen- 
tral portion of the second slab waveguide. 
[0019] In a preferred embodiment of the invention, the 
different refractive index region comprises a pair of pe- 
ninsular different refractive index regions projecting 
from both sides of the second slab waveguide toward a 
central portion of the second slab waveguide. With this 
structure, convergence points of light made incident 
from the channel waveguide array on the second slab 
waveguide, which are symmetrically located in two 
groups, are symmetrically displaced. Thereby a flat op- 



4 

tical distribution, in which a plurality of electric field dis- 
tributions overlap each other, is created at a boundary 
between the second slab waveguide and the output 
waveguides. The convergence points of light emerging 
5 from the respective waveguides of the channel 
waveguide array, which are symmetrically located in two 
groups, are symmetrically displaced. Therefore, a flat 
field distribution can easily be obtained, and an optical 
distribution with a wider band is obtained. 
w [0020] In the present invention, the different refractive 
index region may be spaced apart from each of both side 
portions of the second slab waveguide. 
[0021] In this invention, the different refractive index 
region may have a width varying in a direction in which 
*5 the waveguides of the channel waveguide array are ar- 
ranged. With this structure, the length, over which each 
of light components crosses the different refractive in- 
dex region, can be varied in units of a light component, 
and the convergence point of each light component can 
20 be shifted by a desired amount. 

[0022] In the present invention, the different refractive 
index region may have a width or a refractive index var- 
ying in a direction in which the waveguides of the chan- 
nel waveguide array are arranged. Thereby, a phase dif- 
25 ference can be provided among light components cross- 
ing the different refractive index region, and the conver- 
gence point of each light component can be shifted by 
a desired amount. 

[0023] In a preferred embodiment of the invention, is- 
30 (and regions having a refractive index different from 
each of the first and second slab waveguides are 
formed, in addition to the different refractive index re- 
gion, on at least one of a position close to the channel 
waveguide array within the first slab waveguide and a 
35 position close to the chan nel waveguide array within the 
second slab waveguide. With this structure, loss in the 
whole optical multi-demultiplexer can be decreased. 
[0024] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
40 vention may also be a sub-combination of these de- 
scribed features. 

[0025] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

45 

FIG. 1 is a plan view of an optical multi-demultiplex- 
er according to a first embodiment of the present 
invention; 

FIG. 2 schematically shows, in enlarged scale, a 
so second slab waveguide, etc. of the optical multi-de- 
multiplexer shown in FIG. 1 ; 
FIG. 3 is a partial cross-sectional view of the optical 
multi-demultiplexer, taken along line F3-F3 in FIG. 
2; 

55 FIG. 4 is a partial cross-sectional view of the optical 
multi -demultiplexer, taken along line F4-F4 in FIG. 
2; 

FIG. 5 schematically shows a state in which a wave- 
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front of light passing through a different refractive 
index region is tilted in the optical multi-demultiplex- 
er shown in FIG. 1; 

FIG. 6 schematically shows a state in which conver- 
gence points of light passing through the different 
refractive index region are shifted in the optical mul- 
ti-demultiplexer shown in FIG. 1; 
FIG. 7 shows an electric field distribution at a 
boundary between the second slab waveguide and 
the output waveguides in the optical multi-demulti- 
plexer shown in FIG. 1; 

FIG. 8 shows an example of wavelength character- 
istics of the optical multi-demultiplexer shown in 
FIG. 1; 

FIG. 9 is a plan view of an optical multi-demultiplex- 
er according to a second embodiment of the present 
invention; 

FIG. 10 shows an electric field distribution at a 
boundary between a second slab waveguide and 
output waveguides in a conventional arrayed- 
waveguide grating; 

FIG. 11 shows wavelength characteristics of the 
conventional arrayed-waveguide grating; and 
FIG. 1 2 is a plan view showing an example of a con- 
ventional arrayed-waveguide grating having para- 
bolic portions. 

[0026] A first embodiment of the present invention will 
now be described with reference to FIG. 1 to FIG. 8. 
[0027] FIG. 1 shows an arrayed-waveguide grating 
(AWG) type optical multi-demultiplexer 10. The optical 
multi-demultiplexer 10 comprises the following compo- 
nents formed on a substrate 11: a plurality of input 
waveguides 12, a first fan-shaped slab waveguide 13, 
a channel waveguide array 14 composed of a number 
of curved waveguides 14a, a second fan-shaped slab 
waveguide 15, and a plurality of output waveguides 16. 
Optical fibers (not shown) are connected to the input 
waveguides 12 and output waveguides 16. 
[0028] The first slab waveguide 1 3 is formed between 
the input waveguides 1 2 and the channel waveguide ar- 
ray 14. The first slab waveguide 13 optically connects 
the input waveguides 12 and channel waveguide array 
14. 

[0029] The second slab waveguide 15 is formed be- 
tween the channel waveguide array 14 and output 
waveguides 16. The second slab waveguide 15 optically 
connects the waveguides 14a of channel waveguide ar- 
ray 14 and the output waveguides 1 6. 
[0030] As is shown in FIG. 3, the slab waveguide 13, 
15 includes a substrate 11 formed of, e.g. quartz glass 
or silicon, a planar core 20 provided on the substrate 1 1 , 
and a clad layer 21 covering the core 20. 
[0031] The channel waveguide array 14 has a plural- 
ity of curved waveguides 14a having different lengths. 
The optical path lengths of the waveguides 14a are in- 
creased in succession from an inside toward an outside 
of a curved configuration of the waveguides 14a such 



that adjacent ones of the waveguides 1 4a may have a 
predetermined difference AL in optical path length. 
[0032] Thus, a wavelength division multiplexing opti- 
cal signal, which has been made incident on one end of 

5 the associated one of waveguides 14a of the channel 
waveguide array 14, propagates to the other end of the 
waveguides 1 4a, while optical phase differences are oc- 
curring among the optical signals in accordance with the 
frequencies of the optical signals. The amount of phase 

10 difference varies depending on the wavelength of light, 
and the wavefront of the converged beam is tilted in ac- 
cordance with its wavelength. Consequently, the re- 
spective positions of convergence of light beams in the 
second slab waveguide 15 vary depending on the re- 

15 spective wavelengths of the light beams. Demultiplexed 
beams with different wavelengths are converged on the 
output waveguides 16 at different positions in accord- 
ance with the respective wavelengths. 
[0033] For convenience, in this specification, the 

20 waveguides (e.g. waveguides 1 2) on the incidence side 
are referred to as input waveguides, and the 
waveguides (e.g. waveguides 16) on the emission side 
as output waveguides. If the light is incident in the op- 
posite direction, however, the waveguides 12 serve as 

25 the output waveguides, and the waveguides 16 as the 
input waveguides. 

[0034] In the optical multi-demultiplexer 1 0, a plurality 
of island regions 30 (schematically shown in FIGS. 1 
and 2) are formed on at least one of the first slab 

30 waveguide 13 and second slab waveguide 15. FIGS. 1 
and 2 schematically show only part of the waveguides 
12, 14a, 16 and island regions 30. 
[0035] As is shown in FIG. 4, the island regions 30 are 
formed integral with the clad layer 21 on the substrate 

35 1 1 of , e.g. quartz glass. The refractive index of the island 
region 30 is lower than that of the core 20 that is present 
adjacent to the island region 30. 
[0036] The island regions 30 are formed at positions 
associated with the waveguides 14a of the channel 

40 waveguide array 14. For example, in the first slab, 
waveguide 13, the island regions 30 are formed in be- 
tween axes that connect the waveguides 1 4a of channel 
waveguide array 14 and the input waveguides 12. De- 
pending on how to use the optical multi-demultiplexer 

45 1 o, the island regions 30 may be provided on both the 
first slab waveguide 1 3 and second slab waveguide 1 5, 
or on one of them. 

[0037] As is shown in FIG. 2, a pair of different refrac- 
tive index regions 40 are formed in the vicinity of a 

so boundary between the channel waveguide array 1 4 and 
the second slab waveguide 15. The different refractive 
index regions 40 are formed in peninsular shapes, pro- 
jecting from both side portions 15a and 15b of the sec- 
ond slab waveguide 15 toward the center of the slab 

55 waveguide 15. 

[0038] Each different refractive index region 40 is 
formed at a position close to the channel waveguide ar- 
ray 14 within the second slab waveguide 15, that is, at 
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a position close to the channel waveguide array 14 rel- 
ative to a central position in the longitudinal direction of 
the slab waveguide 15. The refractive index of the dif- 
ferent refractive index region 40 differs from that of the 
second slab waveguide 15. In the present embodiment, 
the refractive index of the different refractive index re- 
gion 40 is lower than that of the core 20 of the second 
slab waveguide 15. 

[0039] Preferably, the refractive index of the different 
refractive index region 40 is equal to that of the clad layer 
21 . Thus, the clad layer 21 and different refractive index 
region 40 can be integrally formed of the same material. 
The different refractive index region 40 extends in a di- 
rection in which the waveguides 14a of channel 
waveguide array 14 are arranged, that is, in the width 
direction of the slab waveguide 15 (indicated by an ar- 
row X in FIG. 2). 

[0040] The width W (shown in FIG. 5) of each different 
refractive index region 40 increases in a tapered fashion 
from the center of the slab waveguide 1 5 toward the side 
portion 1 5a, 1 5b. In other words, the width W of the dif- 
ferent refractive index region 40 varies in a direction (di- 
rection of arrow X) in which the waveguides 14a of chan- 
nel waveguide array 14 are arranged. In a case where 
the refractive index of the different refractive index re- 
gion 40 is lower than that of the core 20 of the slab 
waveguide 15, the different refractive index region 40 is 
formed in a tapered shape with a width decreasing to- 
ward the center of the slab waveguide 15. The taper 
shape of the different refractive index region 40 is opti- 
mally determined, taking into account a relative refrac- 
tive index difference in the optical multi-demultiplexer 
10, the length of the slab waveguide 15, the core size 
of the input and output waveguides 12 and 16, etc. 
[0041] The refractive index of the different refractive 
index region 40 may be higher than that of the core 20 
of the slab waveguide 15. In this case, the different re- 
fractive index region 40 may preferably be formed in a 
reverse-tapered shape with a width increasing toward 
the center of the slab waveguide 1 5. 
[0042] The refractive index of the different refractive 
index region 40 may be so adjusted as to vary in a di- 
rection (direction of arrow X) in which the waveguides 
14a of channel waveguide array 14 are arranged. 
[0043] A method of manufacturing the above optical 
multi-demultiplexer 10 is described. 
[0044] Quartz glass was used as material of the sub- 
strate 11. The core 20 of the slab waveguide 13, 15 and 
each waveguide 14a of channel waveguide array 14 
were integrally formed of germanium-doped quartz 
glass with a thickness of 6 u>m. Examples of the method 
of forming glass include CVD (chemical vapor deposi- 
tion), flame hydrolysis deposition (FHD) and evapora- 
tion. Conditions for the formation were: the refractive in- 
dex (no,) of clad layer 21 = 1 .4574, the refractive index 
(nc 0 ) of the core 20 and each waveguide 14a of channel 
waveguide array 14= 1 .4684, the relative refractive in- 
dex difference A = 0.75%, and the cross section of each 



waveguide 14a of channel waveguide array 
14 = 6 X 6 p.m 2 . 

5 

[0045] The patterns of the core 20, island regions 30 
and different refractive index regions 40 were formed at 
the same time by reactive ion etching (RIE). After the 
pattern formation, the clad layer 21 with a predeter- 

10 mined thickness was formed. Those portions of the core 
20, where the island regions 30 and different refractive 
index regions 40 are to be formed, are etched away. Af- 
ter the core 20 is partly etched, the clad layer 21 is 
formed to a predetermined thickness. Thereby, part of 

is the clad layer 21 is buried in the etched portions of the 
core 20. In a case where the substrate 11 is formed of 
silicon, a lower clad layer (not shown) is formed between 
the substrate 11 and core 20. 

[0046] The operation of the multi-demultiplexer 1 0 will 

20 now be described. 

[0047] Wavelength division multiplexing signal light 
made incident on the first slab waveguide 13 from the 
input waveguide 12 has a single mode, and it generally 
has a Gaussian-distribution type power distribution. The 

25 light incident on the first slab waveguide 13 spreads in 
the core 20 of first slab waveguide 13 in the lateral di- 
rection (width direction) of the slab waveguide 13. The 
spread light enters each waveguide 14a of channel 
waveguide array 14. 

30 [0048] The optical path lengths of the curved 
waveguides 1 4a of the channel waveguide array 14 are 
gradually increased from the inside toward the outside 
of the curved configuration of waveguides 14a. There- 
fore, the wavelength division multiple signals applied to 

35 the respective waveguides 14a undergo an optical 
phase shift for each frequency as they are incident on 
the second slab waveguide 1 5. 
[0049] The light components of the wavelength divi- 
sion multiple signals, which have propagated in the sec- 

40 ond slab waveguide 1 5, travel to different convergence 
points according to their wavelengths at the boundary 
between the second slab waveguide 15 and output 
. waveguides 1 6. The light components with the respec- 
tive wavelengths pass through the peninsular different 

45 refractive index regions 40, while traveling to the output 
waveguides 16. Thus, a convergence state, as de- 
scribed below, occurs at the boundary between the sec- 
ond slab waveguide 15 and output waveguides 16. 
[0050] Specifically, the light emerging from each 

so waveguide 14a of channel waveguide array 14 and en- 
tering the second slab waveguide 1 5 reaches the penin- 
sular different refractive index region 40, as shown in 
FIG. 5, while traveling toward the output waveguides 1 6. 
When the light components A1 , A2, A3 and A4 cross the 

55 different refractive index region 40, they travel over dif- 
ferent distances L1 , L2, L3 and L4 within the different 
refractive index region 40. As a result, phase differences 
occur among the light components A1 , A2, A3 and A4. 
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[0051] In the case where the refractive index of the 
different refractive index region 40 is lower than that of 
the slab waveguide 1 5, the field in the different refractive 
index region 40 is more accelerated as the light compo- 
nent travels in a region closer to the side portion 15a, 
15b of the slab waveguide 15. Accordingly, the wave- 
front is tilted, as shown in FIG. 5 5 and the convergence 
point shifts inward, compared to the normal conver- 
gence point which would exist if the different refractive 
index region 40 were not provided. 
[0052] In the case where the different refractive index 
region 40 is not provided, the number of convergence 
points (in-phase points) is one. However, if the different 
refractive index region 40 is provided, the convergence 
point (in-phase point) spreads, as indicated by U and 
L" in FIG. 6. Although L* and L" are longer than L, light 
passes through the different refractive index region 40 
at a higher speed. Consequently, the point, where the 
light passing through L\ L" becomes in phase with the 
convergence point in the prior art, is displaced in direc- 
tions of arrows Z1 and Z2. As a result, the field distribu- 
tion at the convergence point becomes wider. 
[0053] Accordingly, the equally divided right-hand and 
left-hand groups of convergence points of light compo- 
nents, which have emerged from the waveguides 14a 
of channel waveguide array 14, are shifted toward the 
side portions 15a and 15b of the slab waveguide 15. 
Hence, the field distribution spreads like a double-peak 
distribution, and a nearly flat field distribution, as shown 
in FIG. 7, is obtained. 

[0054] In theory, the aforementioned phase difference 
can be obtained by gradually varying the difference in 
optical path length of the waveguide array 14. In reality, 
however, a very delicate control of optical path length is 
required, and so manufacture is difficult. By contrast, the 
formation of the different refractive index region 40 is 
not difficult. 

[0055] In order to confirm the above advantages, sim- 
ulation of the multi-demultiplexer 10 was conducted by 
beam propagation analysis under the following param- 
eters. Examples of the parameters are as follows. The 
cross-sectional dimensions of each waveguide 1 4a of 
channel waveguide array 14 are 6x6 ujn. The relative 
refractive index difference A is 0.75 %. The length of 
each of the slab waveguides 1 3 and 1 5 is 9381 jim. The 
pitch of each of the input waveguides 12 and output 
waveguides 16 is 25 \im. The pitch of the waveguides 
1 4a of channel waveguide array 1 4 is 25 jxm. The optical 
path length difference of between the respective 
waveguides 14a is 126 urn. 

[0056] In this embodiment, in order to decrease loss 
in the multi-demultiplexer 10, the island regions 30 are 
formed on the first slab waveguide 13 and the second 
slab waveguide 15. The shape of each island region 30 
is trapezoidal. The width of the trapezoid is 12.64 u,m, 
the upper side thereof is 3.62 p.m, and the length (the 
height of the trapezoid) is 64.57 urn. The distance be- 
tween the island regions 30 and the channel waveguide 



10 

array 14 is 123.43 u.m. 
[0057] FIG. 8 shows the simulation result. 
[0058] With the provision of the island regions 30, the 
loss due to insertion in the whole multi-demultiplexer 10 
5 was successfully limited to about 1 .3 dB. The spacing 
between demultiplexed wavelengths was 100 GHz in 
terms of frequencies. 

[0059] The peninsular different refractive index region 
40 for realizing a broader band may be formed on the 

10 second slab waveguide 15 alone. A surface 40a of the 
different refractive index region 40, which is located on 
the output waveguide 16 side (i.e. a surface 40a op- 
posed to the output waveguide 16) is slightly curved 
along a direction in which the island regions 30 are ar- 

*s ranged. 

[0060] A surface 40b of the different refractive index 
region 40, which is located on the channel waveguide 
array 14 side, that is, a surface 40b opposed to each 
waveguide 14a of channel waveguide array 14, is 
20 formed along a line segment R (shown in FIG. 5). As- 
sume that the lengths, over which the light components 
A1 to A4 traveling from the waveguides 14a toward the 
normal convergence point cross the different refractive 
index region 40, are L1 to L4, respectively. In this case, 
25 the line segment R is a line formed by connecting points 
at which the lengths L1 to L4 extend in units of 3.3 p.m 
toward the side portion 15a (or 15b) from the center of 
the slab waveguide 15. 

[0061] An apex 40c (shown in FIG. 2) of each different 
30 refractive index region 40 is located at a distance of 1 1 5 
pm from an end portion of the second slab waveguide 
15, which is located on the channel waveguide array 14 
side. By virtue of the different refractive index regions 
40, the convergence points of light in the slab waveguide 
35 15, which are equally divided into the right-hand and left- 
hand groups, can be shifted. 

[0062] A simulation was conducted by beam propa- 
gation analysis. It was found that the multi-demultiplexer 
10 of this embodiment exhibited wavelength demulti- 
*o plexing characteristics with the wavelength spacing of 
1 00 GHz, like the conventional arrayed-waveguide grat- 
ing. It was confirmed that the multi-demultiplexer 1 0 has 
a wide band width, such as a 1 dB band width of 62.5 
GHz or a 3 dB band width of 87.5 GHz, in the wavelength 
45 spacing of 100 GHz. 

[0063] By contrast, the conventional arrayed- 
waveguide grating without the provision of the different 
refractive index region 40 has a narrow band width , such 
as a 1 dB band width of 12.5 GHz or a 3 dB band width 
50 of 25 GHz, in the wavelength spacing of 100 GHz. 
[0064] A simulation was conducted, with the position 
of the refractive index region 40 being shifted in the lon- 
gitudinal direction of the slab waveguide 15 (indicated 
by arrow Y in FIG. 2). The shape of the refractive index 
55 region 40 is determined such that the lengths, over 
which the light components emerging from the 
. waveguides 14a of channel waveguide array 14 cross 
the different refractive index region 40, have an equal 
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degree of variation between adjacent waveguides 14a. 
With the refractive index region 40 having this shape, 
the same field distribution was successfully obtained, 
regardless of the position of the refractive index region 
40. 

[0065] For example, simulation was conducted for 
three cases where the position of the apex 40c of refrac- 
tive index region 40 is located at distances of 110 urn, 
115 ujti and 120 urn from the end of the second slab 
waveguide 15 (i.e. the boundary with the channel 
waveguide array 1 4). It was found that the field distribu- 
tions in the three cases overlap each other. In short, the 
same field distribution was obtained irrespective of the 
position of the refractive index region 40. 
[0066] In the above-described embodiment, the is- 
land regions 30 were formed in order to enhance loss 
characteristics. Even in an arrayed-waveguide grating 
without the island regions 30, the provision of the refrac- 
tive index regions 40 can realize wide-band character- 
istics, like the above-described embodiment. 
[0067] FIG. 9 shows a multi-demultiplexer 1 0 accord- 
ing to a second embodiment of the invention. Like this 
embodiment, different refractive index regions 40 may 
be spaced apart from both side portions 1 5a and 1 5b of 
the second slab waveguide 15. In the other respects, 
the structure and advantages of the multi-demultiplexer 
10 according to the second embodiment are the same 
as those of the multi-demultiplexer 1 0 according to the 
first embodiment. Thus, the parts common to those of 
the first embodiment are denoted by like reference nu- 
merals, and a description thereof is omitted. 



Claims 

1 . An optical multi-demultiplexer (1 0) comprising: 
a substrate (11); 

input waveguides (12) formed on the substrate 
(11); 

a channel waveguide array (14) including a plu- 
rality of curved waveguides (14a) arranged 
such that optical path lengths of adjacent ones 
of the curved waveguides (14a) are gradually 
increased from an inside toward an outside of 
a curved configuration of the curved 
waveguides (14a); 

output waveguides (16) formed on the sub- 
strate (11); 

a first slab waveguide (13) formed between the 
input waveguides (12) and the channel 
waveguide array (14); and 
a second slab waveguide (1 5) formed between 
the channel waveguide array (14) and the out- 
put waveguides (16), 

characterized in that the optical multi-de- 
multiplexer ( 1 0) further comprises a different refrac- 



tive index region (40) formed at a position close to 
the channel waveguide array (14) within the second 
slab waveguide (15), the different refractive index 
region (40) having a refractive index different from 
s a refractive index of the second slab waveguide 
(15), and the different refractive index region (40) 
extending in a direction in which the waveguides 
(14a) of the channel waveguide array (14) are ar- 
ranged. 

w 

2. The optical multi-demultiplexer (10) according to 
claim 1, characterized in that the different refrac- 
tive index region (40) has a lower refractive index 
than a core (20) of the second slab waveguide (1 5). 

15 

3. The optical multi-demultiplexer (10) according to 
claim 1, characterized in that the different refrac- 
tive index region (40) has a refractive index equal 
to a refractive index of a clad layer (21 ) of the sec- 

20 ond slab waveguide (1 5). 

4. The optical multi-demultiplexer (10) according to 
claim 2, characterized in that the different refrac- 
tive index region (40) has a tapered shape decreas- 
es ing in width toward a central portion of the second 

slab waveguide (15). 

5. The optical multi-demultiplexer (10) according to 
claim 1 , characterized in that the different refrac- 

30 tive index region (40) has a higher refractive index 
than a core (20) of the second slab waveguide (1 5). 

6. The optical multi-demultiplexer (10) according to 
claim 5, characterized in that the different retrac- 
es tive index region (40) has a reverse-tapered shape 

increasing in width toward a central portion of the 
second slab waveguide (15). 

7. The optical multi-demultiplexer (10) according to 
40 claim 1 , characterized in that the different refrac- 

. tive index region (40) comprises a pair of peninsular 
different refractive index regions projecting from 
both sides of the second slab waveguide (15) to- 
ward a central portion of the second slab waveguide 
45 (15). 

8. The optical multi-demultiplexer (10) according to 
claim 1 , characterized in that the different refrac- 
tive index region (40) is spaced apart from each of 

so both sides of the second slab waveguide (15). 

9. The optical multi-demultiplexer (10) according to 
claim 1 , characterized in that the different refrac- 
tive index region (40) has a width varying in a direc- 

55 tion in which the waveguides (14a) of the channel 
waveguide array (14) are arranged. 

10. The optical multi-demultiplexer (10) according to 



2/7/05, EAST version: 2.0.1.4 



13 EP 1 406 099 A2 14 

claim 1 , characterized in that the different refrac- 
tive index region (40) has a refractive index varying 
in a direction in which the waveguides (14a) of the 
channel waveguide array (14) are arranged. 

5 

11. The optical multi-demultiplexer (10) according to 
claim 1 , characterized in that island regions (30) 
having a refractive index different from each of the 
first and second slab waveguides (13, 15) are 
formed, in addition to the different refractive index 10 
region (40), on at least one of a position close to the 
channel waveguide array (14) within the first slab 
waveguide (13) and a position close to the channel 
waveguide array (14) within the second slab 
waveguide (15). 15 
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